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® Therapeutic! electromagnetic! treatment. 



s) A!therapeutic!treatment!device! is! disclosed 

and!lncludes!a!housing!(12)!and!an!lncoherent 
light! source! (1 4)! such! as! alflashlamp disposed 
Inl the! housing.! Thelflashlamp provides!a!pulsed 
lighti output!for! treatment! ofl exTernaNskin! disor- 
ders.!To! provide! light! to! the! treatment! area! the 
housing! hasian opening that! Is disposedladja- 
cent] a! skin! treatment! area.! A! reflector! (1 6)f Is 
mounted! within! the! housing! nearithe! light! sour- 
ce! to! reflect! the! light! to! the! treatmentTarea.! At 
least! one! optical! fitter! (1 8)!and! an! Iris! (20)! are 
mounted near!the!opening In the housing. 
Power! to! the! lamp! Is provided! by a pulse form- 
ing! circuit! that! can provide a vanable!pulse 
width. 
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The! present! Invention! relates generally to! theiart 
ofltherapeutic electromagnetic treatment] and! more 
specifically to!a!method!and!apparatus!foiiutilising!a 
spatially! extended! pulsed! light' source!such!asa! flash- 
lam p!(f las h!tube)!forsuch!a!treatmenti or,! effidentlyfo- s 
cusing! MghtJ from! theiflashlamp! Into! optical! fibres! for 
therapeutic! treatment! ori other applications. 

It! is! known! I n ! th e! p ri o ri a rti to! use electromagnetic 
radiation! In medical!application for therapeutic uses 
such!as!treatmentioflskin!disorders.!For!example.!US- fo 
A-4,298 f 005l (M ulzh es)l describes! al conti n uousl u It ra- 
violet!lamp!with!cosmetic,!photobiological,!and photo- 
chemical!applications.!Atreatment!based!on!using!the 
UV!portion!of the! spectrum and Its photochemical in- 
teraction with the skiniis described. The powerideliv- rs 
eredlto thelskin! using! Mutzhas' lamp Is described as 
150W/m 2 ,! which doesnot!have!a!significant!effect!on 
skin temperature. 

In addition to! prior! art! treatment involving! UV 
lightjlasers have!been!used fordermatologicallproce- 20 
dures,! Including! Argon! lasers,! C0 2 lasers, Nd(Yeg) 
lasers, Copperivaporflasersjruby lasers and!dye las- 
ers.!For!example,!US-A-4,829,262!(Furumoto),!de- 
scribesia method!of constructing! a dye laser used In 
dermatologylapplications. Two!skin!conditions!which 25 
may!be!treated by! laser! radiation! are! external! skin! ir- 
regularities! such! as! local! differences! in! the! pigmen- 
tation! ori structure! ofl the! skin, and!vascular!disorders 
lying deeper! under the! skin! which cause a variety of 
skin abnormalities including! port! wine!stains,! telan- 30 
giectasias,! leg! veins! and! cherry! and!spideri angio- 
mas.! Laser! treatment! ofl these! skin! disorders! gener- 
ally! includes! localised! heating! ofl the! treatment! area 
by absorption ofl laser! radiation.! Heating! the! skin 
changes!oticorrects!the!skin disorder!and!causesthe 35 
fullior partial'disappearance ofltheiskin abnormality. 

Ce rtai n! exte rnal! diso rde rs! such! as pigmented le- 
sions!canalso!be treated by!heating the!skin very fast 
to! a! high! enough! temperature! to evaporate parts! of 
the! skin.! Deeper-lying! vascu lar! disorders! are! more 40 
typicallyltreated! by! heating!the!blood!to! a! high! enough 
temperature! to! cause! It! to coagulate. Theldisorderiwill 
than eventuallyldisappear. To! control! the! treatment 
depth! a! pulsed! radiationisource! Is! often! used.! The 
depth!the! heat!penetrates!in!the!blood! vessel! Is! con- 45 
trolled! by! controlling! the! pulseiwidth! ofl the! radiation 
source.!The absorption and!scattering!coefficients!of 
the! skin! also! affect the! heat! penetration.!These coef- 
ficients are aifunction oflthe!constituents!of skin and 
the!wavelength!oflthe!radiation.!Specifically,!the!ab- so 
sorption! coefficient! ofl lighti ln!the epidermis and! der- 
mis! tends to!be!a slowly varying,! monoton icallylde- 
creasingifunction oflwavelength. Thus, the!wave- 
length! ofl the! light should!be!chosen solthat the!ab- 
sorptionlcoefficientf is!optimised!for!the!particulariskin 55 
condition! and! vessel! size! being! treated. 

The! effectiveness! ofl lasers! fori applications! such 
as! tattoo! removal! and! removal! ofl birth! and! age! marks 



isldiminished! because! lasers!are!monochromatic.!A 
laser! ofl a!given!wavelength!may!be!effectively!used 
to treatia!fi rst type oflskin pigmentationidisorder, but, 
iflthelspecific wavelength of! the! laser! Is! not absorbed 
efficiently! by!skin!having!a!second!type!ofldisorder,!it 
will be!lneffectivefoiithesecond!type oflskin disorder. 
Also,! lasers! are usually complicated, expensive to 
manufacture,! largelfbri the! amounH ofl poweridelivered, 
unreliable!and!difficult!to! maintain. 

The!wavelength!of the! light also affects vascular 
disordertreatment becauselblood content! In! the! vicin- 
ityloflthe! vascular disorders!varies,!and! blood content 
affects! the! absorption! coefficient! ofl the! treatment 
area. Oxyhemoglobin is!the!main chromophore which 
controlsithe optical!properties!oflblood!and haslstrong 
absorption! bands ln!the visible region.!More particu- 
larlyj the! strongest absorption!peak!ofloxyhemoglo- 
bin! occurs at 418nm and has!a band-width!of 60nm. 
Two additional absorption peaks with! lower absorp- 
lion! coefficients! occur! at 542 and!577nm.!The! total 
band-width! ofl these! two! peaks! Is! on! the! order! of 
1 0Onm. Additionally, MghtJ in! the wavelength! range of 
500! to! 600n m! Is desirable for! the! treatment! ofl blood 
vesselidisorders oflthe! skin! since! it! is absorbed! byithe 
blood!and!penetrates!through!the!skin.!Longer!wave- 
lengths! up! to! 1 0OOnm are!also!effective since! they 
can penetrateldeeper into! the! skin,! heal! the! sur- 
rounding! tissue! and,! If! the! pulse-width! is! long 
enough, contribute! to heating the blood vessel by 
thermal conductivity. Also, longer wavelengths! are 
effective! fori treatment ofl largeridiameteri vessels! be- 
cause! the! loweriabsorptionlcoefficient! is! compensat- 
edlfori by! the! longer! path! ofl light! In! the! vessel. 

In addition to beinglused for! treating! skinldisor- 
dersjlasers have!been!used forlnvasiveimedical pro- 
cedures! such! as! lithotri psy! and! re mo val! ofl blood! ves- 
sel blockage. Inisuch lnvasive!procedures laser! light 
Is coupled!to!optical fibres andidelivered throughithe 
fibre! to! the! treatment area. In lithotripsy the! fibre de- 
livers! lightifrom! a! pulsed! laseiito! a! kidneyior! gallstone 
and! the! light! interaction! with! the! stone! creates! a 
shock wave which pulverises the! stone.! To! remove 
blood!vessel!blockage!the! light! ls!coupled!to!the 
blockage! by!the!fibre!and!disintegrates!the!blockage. 
Inieither! case! theishortcomings! ofl lasersidiscussed 
above! with! respect! to! laser! skin! treatment! are! pres- 
ent! Accordingly,!a!treatment device for lithotripsyiand 
blockage!removal!utilising!a!flashlamp!would!be!de- 
sirable. 

Ineffectively treat an!area the! light!from!the 
source! must be!focused on!the!treatment area.Cou- 
plingipulsed! laser! lighti into!optical!fibres! in! medicine 
isiquite! common.! The! priori arti desch bes! coupling! iso- 
tropic! Incoherent! point! sourceslsuch! as! CW! lamps 
Into small optical fibres. For example, US-A- 
4,757,431 (C ross ,! et! al . )! d iscloses! a! method! fori fo- 
cusing! incoherent! point! sources!with!small!filaments 

orianiard lamp! with! an! electrode! separation! of!2mm 
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Into! a! small area. Point! (ori small)! sources! are! relative- 
ly easy to focus without! large losses In! energy! be- 
cause! oflthe! small! size! ofl the! source.! Also, US-A- 
4,022,534 (Klshner) discloses lighti produced by a 
flash!tube!and!thecollection!ofonly!a small! portioniof 
the! lighti emitted! by the tube!into!an!optical! fibre. 

However,!the! large dimension of anlextended 
sourcelsuch as!aflashlamp!make It difficult toifocus 
large fractions of Its energyMnto small areas.JCoupling 
into! optica I! fibres! is! even! more! difficulti since! not! only 
must!a!high!energy!density!be!achieved,!but!the!an- 
gulari distribution! of! the! lighti has! to! be! suchithatitrap- 
ping inithe optical fibreican belaccomplished. Thus, 
itils!desirable!to havela systemifor coupling theioutput 
ofa high! intensity, extended,! pulsed lighti source! Into 

an!optical! fibre. 

ln!orderto!solve!the technical problems!outlined 
above including the!speclfity!of prioriartsystemsland 
theiritechnical! complexity and!expense,!the!device or 
system! oflthe! presenti invention! is! characterised! by 
the! provision! ofl pulsed! Incoherent! radiation. 

Accordingly,! Intone! embodiment,,! a! wide! bend 
electromagnetic radiation source that covers!the! near 
UV!and!the!visible!portion!of!the spectrum would!be 
desirable! fori treatment! ofl external! skin! and! vascular 
disorders.!The!overall! range! of wavelengths oflthe 
lighti source! should! be! sufficientito! optimise! treatment 
for! any! ofl a! number! of applications. Such!a!therapeut- 
idelectromagnetic! radiation device should alsoibeca- 
pable!oflproviding!an! optimal wavelength rangeiwith- 
in!the! overall! range! for! the! specific! disorder! being 
treated.! The! Intensity! of! the! lighti should! be! sufficient 
to! cause! the! requiredithermal! effect! by! raisingithe 
tern peratu re! ofl the! treatm enti area! to! the! req u i red 
temperature.! Also,! the! pulse-width! should! be! variable 
over! a! wide! enough! range! so! as! to achieve the! opti- 
mal! penetration! depthifori each application. There- 
fore,! It! is!desirable!to!provide!a!lightisource having a 
wide! range! oflwavelengths,!which!can! be! selected! ac- 
cording! to! the! required! skin! treatment,! with! a! control- 
led! pulse-width! and! a! high! enough! energy! density! for 
application!to!the! affected! area. 

Pulsed! non-laser! type! lighti sources! such! as! line- 
arfleshlamps! provide! these! benefits.! The! Intensity! of 
the! emitted! lighti can! be! made! high! enough! to! achieve 
the! required! thermal! effects.! The! pulse-width! can! be 
varied! over! a! wide! range! soithati control! ofl thermal 
depth! penetration! can! be accomplished. Theitypical 
spectrum!covers!the!visible!and ultraviolet range!and 
the optical'bends most effective for! specific applica- 
tions! can! be!selected,!or! enhanced! using!fluorescent 
materials. Moreover, no n -laser! type! light! sources 
suchias flashlemps are! much! simpler and!easier!to 
manufacture! than! Iasers,!are!significantly! lesdexpen- 
sive!for!the!sa me! output! power! and! have!the! potential 
ofl being! more! efficient! and! more! reliable.! They! have 
a! wide! spectral! range! that! can!be!optimised!foii a! va- 
riety! ofl specific! skin! treatment! applications.! These 



sources also!have a pulseMength that can! be! varied 
overta wide!range which! isicritical for the different 
types!of!skin!treatments. 
5 The scopeloflthe! Invention Is defined inithe 

clai ms!and!the!embodiments! outlined! below! are!spe- 
cific combinations!suitable for!lmplementing!the!ln- 
vention. 

According!to!a!firsti embodiment! oflthe! Invention 

ro aitherapeutid treatment! device! comprises! a! housing 
and! an! incoherent! light! source,! suitably! a flashlamp, 
operable! to! provideia pulsed lightioutputifor! treatment, 
disposed inithe housing. Theihousing hasan opening 
and! Is! suitable!for! being! disposed! adjacent! a! skin 

15 treatment! area.! A! reflector! Is! mounted! within! the 
housing! proximatd the! light! source,! and! at! least! one 
optical filter! is mounted proximatdthe opening inithe 
housing.! An! iris! Is! mounted coextensively with! the 
opening.! Power! to! the! lamp! Is! provided! by! a! variable 

20 pulse! width! pulse! forming! circuit.! Thus,! the! treatment 
device! provides! controlled! density ,!filtered,! pulsed 
light! output! through! an! opening! Inithe! housing! to! a 
skin! area! fori treatment. 

According!to! a! second!embodiment! oflthe! inven- 

25 Don!a method!of treatment! with! light energy compris- 
esithe steps!of!providing a high!power,!pulsed light 
output from! a! non-laser,! Incoherent! lighti source! and 
directing! thd pulsed! lighti outputitd a! treatment! area. 
The pulse width of the! light output Is controlled! and 

3o focused!so thatithe power!density!ofthe!lightiis!con- 
trolled.!Also,!the! light! Is! filteredito! control! the! spec- 
trum! ofltheilight 

According! toe! third embodiment oflthe! Invention 
a! coupler! comprises! an! incoherent! lighti source! such 

35 as!a!toroidal!flashlamp.!Areflector!is disposed around 
the! Incoherent! lighti source! and! at! least! one! optical! fi- 
bre or lighti guide.! The fibre!has!an and disposed with- 
in! the! refl lector.! This! end! collects! the! light! from! the! cir- 
cular! lam p.! In! a! similar! coupling! configuration! fibres 

40 may be! provided,! along! with! a! linearitoicirculaiifibre 
transfer! unit! disposed! to! receive! lightifrom! the! light 
source! and! provide! lighti toithe! optical! fibres.! The! re- 
flector! has! an! elliptical! cross-section! In! a! plane! par- 
allel! to! the! axis! oflthe! linear! flash! tube,! and! the! linear 

45 flashitube! Is located at!one!focus!oflthe ellipse while 
the! linear! td circular! transfer! unit! is! located! at! the 
other! focus! of! the! ellipse. 

For a! better understanding!of!the Invention,! ref- 
erence Is made!to the accompanying diagrammatic 

so drawings,! Iniwhich: 

Figure! 1! Is! a! cross-sectional! view! ofl an! incoher- 
ent,! pulsed! Tight! source! skinitreatment! device; 
Figure!21s! daiddview! oflthd lighti source! ofl Figure 

1; 

55 Figure 3 ls!a!schematicdiagram!of!a!pulse form- 

ing! network! with! a! variable! pulse! width! for! use 
with!the!skin!treatment device oflFiguresM and!2; 
Figure! 4! id a! cross-sectional! view! ofl a! couplerffor 
coupling! lightifrom! a! toroidal! flash! tube! Into! an 
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optical fibre with a conical edge; 
Figure 5 Is a side view of a toroidal flash tube; 
Figure 6 Is a top view of a toroidal flash tube; 
Figure 7 shows the geometry for coupling Into a 
conical section; 

Figure 8 Is a cross-sectional view of a couplerfor 
coupling light from a toroidal flash tube Into an 
optical fibre with a flat edge; 
Figure 9 Is a front sectional view of a couplerfor 

coupling light from a linear flesh tube Into a circu- 
lar fibre bundle; 

Figure 10 Is a side sectional view of the coupler 
of Figure 9; 

Figure 11 is a front view of a couplerfor coupling 
light from a linear flash tube into an optical fibre; 
and 

Figure 12 Is a front view of a coupler for coupling 
light from a linear flash tube Into a doped optical 
fibre. 

In the various figures, like reference numerals 
are used to describe like components. 

Before explaining at least one embodiment of the 

invention In detail it Is to be understood that the Inven- 
tion Is not limited In its application to the details of con- 
struction and the arrangement of the components set 
forth in the following description or illustrated In the 
drawings. The Invention Is capable of other embodi- 
ments or of being practised or carried out In various 
ways .Also, It's to be understood thatthe phraseology 
and terminology employed herein Is forthe purpose 
of description and should not be regarded as li miting. 

Referring now to Figures 1 end 2, cross-sectional 
and side views of an Incoherent, pulsed light source 
skin treatment device 10 constructed and operated In 
accordance with the principles of the present Inven- 
tion are shown. The device 10 may be seen to Include 
a housing 12, having an opening therein, a handle 13 
(Figure 2 only), a light source 14 having en outer glass 
tube 15, an elliptical reflector 16, a set of optical fillers 
18, an Iris 20 and a detector 22 (Figure 1 only). Light 
source 14, which is mounted in housing 12, may be a 
typical Incoherent light source such as a gas filled lin- 
ear flashlamp Model No. L5568 available from ILC. 
The spectrum of light emitted by gas filled linear 
flashlamp 14 depends on current density, type of 
glass envelope material and gas mixture used in the 
tube. For large current densities (e.g., 3000 Nan 9 or 
more) the spectrum Is similar to a black body radiation 
spectrum. Typically, most of the energy Is emitted in 
the 300 to lOOOnm wavelength range. 

Totreat a skin (or visible) disorder a required light 
density on the skin must be delivered. This light den- 
sity can be achieved with the focusing arrangement 
shown in Figures 1 and 2. Figure 1 shows a cross- 
section view of reflector 16, also mounted In housing 
12. As shown In Figure 1, the cross-section of reflec- 
tor 16 in a plane is perpendicular to the axis of flash- 
lamp 14 Is an ellipse. Linear flashlamp 14 Is located 



at one focus of the ellipse and reflector 16 Is posi- 
tioned In such a way that the treatment area of skin 
21 is located at the other focus. The arrangement 

5 shown Is similarto focusing arrangements used with 
lasers and efficiently couples light from flashlamp 14 
to the skin. This arrangement should not, however, be 
considered limiting. Elliptical reflector 16 may be a 
metallic reflector, typically polished aluminum which 

to Is an easily machinable reflector and has a very high 
reflectivity In the visible, and the UV range of the 
spectrum can be used. Other bare or coated metals 
can also be used for this purpose. 

Optical and neutral density f liters 18 are mounted 

15 In housing 12 near the treatment area and may be 
moved Into the beam or out of the beam to control the 
spectrum and Intensity of the light Typically, 50 to 
lOOnm band-width filters, as well as low cut-off filters 
In the visible and ultraviolet portions of the spectrum, 

20 are used. In some procedures it is desirable to use 
most of the spectrum, with only the UV portion being 
cut off. In other applications, mainly for deeper pen- 
etration, It Is preferable to use narrower band-widths. 
The band-width filters and the cut-off filters are read- 

25 ily available commercially. 

Glass tube 15 Is located coaxially with fiashlamp 
14 and has fluorescent material deposited on it. Glass 
tube 15 will typically be used for treatment of coagu- 
lation of blood vessels to optimise the energy efficien- 

30 cy of device 10. The fluorescent material can be chos- 
en to absorb the UV portion of the spectrum of flash- 
lamp 14 and generate light In the 500 to 650nm range 
that Is optimised for absorption In the blood. Similar 
materials are coated on the Inner walls of commercial 

35 fluorescent lamps. Atypical material used to generate 
'warm' white light Influorescent lamps has a conver- 
sion efficiency of 80%, has a peak emission wave- 
length of 570nm and has a bandwidth of 70nm and Is 
useful forabsorption In blood. The few millisecond de- 

40 cay time of these phosphors Is consistent with long 
pulses that are required for the treatment of blood 
vessels. 

Other shapes or configurations of flashiamp 14 
such as circular, helical, short arc and multiple linear 

4s flashlamps may be used. Reflector 16 may have 
other designs such as parabolic or circular reflectors. 
The light source can also be used without a reflector 
and the required energy and power density may be 
achieved by locating light source 14 In close proximity 

so to the treatment area. 

Iris 201s mounted in housing 12 between optical 
filters 18 and the treatment area and controls the 
length and the width ofthe exposed area, I.e. by col- 
limating the output of fiashlamp 14. The length of 

ss flashiamp 14 controls the maximum length that can 
be exposed. Typically a 8cm long (arc length) tube will 
be used and only the central 5cm of the tube Is ex- 
posed. Using the central 5cm assures a high degree 
of uniformity of energy density in the exposed skin 
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area. Thus,! in! this embodiment'the iris 20 (also called 
a! collimator)! will enablelexposure oflskin areas ofla 
maximum! length of 5cm.!The!iris 20!may!be!dosed!to 
provide a! minimum exposurellength atone millimetre. 
Similarlyjthe width of the exposed skin area!can!be 
controlled In the!range!of 1 to 5mm!foiia!5mm wide 
flashiamp.! Larger!exposed!areas!can!be!easiry!ach- 
levedlby using! longeiiflash tubes!oiimultiple!tubes, 
and!smaller!exposure!areas!are!obtainable!with!an!his 
tha1imore!completely!collimates!the!beam.!The! pres- 
ent inventionlprovides ailarger exposurelarea com- 
pared!to priotiart laserslor point sourcesland Is very 
effective! ln!the!coagulation!of! bloodvessels! si nee 
blood!flow!lnterruption!over!a!longer!section!oflthe 
vessel Is more effective In coagulating it. The larger 
area!exposed!simultaneously!also!reduces!the!re- 
quired!procedure!time. 

Detector! 22! (Figure! 1)! is! mounted! outside! hous- 
ing!^ and monitors the light reflected from! thelakin. 
Detector! 22!combined!with!optical!filters!1 8!and!neu- 
tral density filters! can be! used!to! achieve a quickies- 
timate! ofl the! spectral! reflection! and absorption coef- 
ficients oflthe skin.!This may!be!carried!ou1iata low 
energy! density! level! priorfto!the!application!of!the 
main!treatmenti pulse.! Measurement! ofitheioptical 
properties!of!the skinlprior to the application!oflthe 
main pulse Is! useful to! determine!opti maltreatment 
conditions.! As! stated above, the! wide!spectrum!oflthe 
light emitted from! the! non-lasertype!source!enables 
lnvestigation!oflthe!skin!overfa!wide!spectral! range 
and! choice! ofl optimal! treatment wavelengths. 

ln!an!alternative!embodiment,!detector!22!or!a 
second! detector! system! may! be! used! for! real-time 
temperature!measurement oflthe!skin!during! its! ex- 
posure toithe pulsed light!source.!This!ls useful for 
skin! thermolysis applications with! long! pulses! in 
which! light! Is absorbed in! the epidermis!and dermas. 
When!the!external portion oflthe epidermis!reaches 
too high a'temperature, permanent!scarring!oflthe 
skin! may! result.! Thus,! the! temperature! ofl the! skin 
should! be! measured.!This!can! be! realised! using! infra- 
red! emission! ofl the heated skin,! to preventiover- 
exposure. 

A! typical! real-time! detector! system! would! meas- 
ure! the! infra-red! emission! of! the! ski n! at! two! s pecific 
wavelengths! by usingitwo detectors!and filters.! The 
ratio between!the signals ofthetwoidetectors can be 
used!to!estimate!the!lnstantaneous!skin!temperature. 
The!operation!ofthe pulsed lightisource can! be stop- 
ped Ifla preselected skin temperature isreached. This 
measurement is! relatively easy since the!temperature 
threshold for pulsed heating that!may!cause skin 
scarring! is! on! the! order! of 50°C or! more,! which! is! easi- 
ly measurable! using! infrared!emission. 

The depth!of!heat!penetration!depends!on!the 
lightiabsorption! and!scattering! In!the!differenti layers 
ofl the! skin! and! the! thermal! properties! of! the! skin .! An- 
other! important! parameter! is! pulse-width .! For! a 



pulsed light source, the energy oflwhich! Is absorbed 
ln!an!lnfinitesimally!thin!layer,!the!depth!ofl heat' pen- 
etration! (d)!by!thermal! conductivity! during!the! pulse 

s can be written as shown! In Equation 1: 
(Eq.M) d!=!4![kAt/Cp] K 
where 

k =!heati conductivity! oflthe! material! being!lllu- 
minated; 

to At =!the pulse-width!oflthe light pulse; 
C =the!heat!capacity!oflthe!materiel; 
p = density of the material. 

Itiis! clearifrom Equation 1!that!the depth!of heat 
penetration!can!be!controlled!by!the!pulse-width!of 

rs the! light! source. 

Thusja variation of pulse-width inithe range of 
10-!sec!to!10-1!sec!wit!result!ln!avarlatlon!ln!the!ther" 
mal penetration by!a!factor!of!100. 

Accordingly,!the!flashlamp!14 provides a pulse 

20 width!oflfrom!10- 6 sec!to!10- 1 sec! For! treatment! of 
vascular disorders in w h i ch! coag u I atio n! ofl b lood ves- 
sels! In the skin! Is the!objective!the!pulse!length Is 
chosen!to!uniformly!heatas!much oflthe entire!thick- 
nessoflthe!vessel as possible!to!achieve efficient! co- 

25 agulation.!Typical!blood!vessels!that'need!to!be!treat 
ad In! the! skin have!thicknesses In the!range of 
0.5mm.!Thus, the!optimal!pulse-width, taking! Intoiac- 
countthe thermal propertiesJoflblood, Is on the order 
of 100msec! If shorter pulses are used, heat will! still 

3o be!conducted!through!the!blood!to!cause!coagula- 
tion,!however,!the!lnstantaneous!temperature!oflpart 
oflthe!blood!in!the!vessel!and!surrounding! tissue! will 
be!higher!than!the temperature!required forcoagula- 
tion!and!may cause!unwanted!damage. 

35 Foritreatment oflexternal skin disorders ln!which 
evaporation!oflthe skin! Is the!objective, a very short 
pulse-width Is used!to!provide for very shallow! ther- 
mal penetration!ofthe!skin. Foriexample, a! 1 0- 6 sec 
pulseiwill penetrate (by! thermal! conductivity) a!depth 

40 of!the!order!oflonly!5!microns!lnto!the!skin.!Thus,!only 
a! thin! layerioflskin! Is! heated ,!and!a! very! high,! Instan- 
taneous! temperature! is!obtained!so!that!the! external 
mark!on!the!skin!is evaporated. 

Figure! 3! shows! a! variable! pulse-width! pulse 

45 formingicircuit comprised of!a!plurality! of individual 
pulseiforming! networks! (PFN's)! that! create! the! vari- 
ation!in!pulse-widths!oflflashlamp!14.!The!light!pulse 
full width!at!halfl maximum! (FWHM)!ofla!fiashlamp 
driven by aisingle elementiPFN with capacitance!C 

so and inductance L Is approximately!equal to: 

(Eq.2) At!..!2[LC] h 
Flashiamp! 14 may!be!driven!by threeidifferent 
PFN's,!as!shown!ln!Figure!3. The relay! contacts! Rl', 
R2'! and! R3'! are! used! to! select! among! three capaci- 
tors! CI,! C2! and C3 that arelcharged! by the! high! vol- 
tage! power! supply. (Relays! RI,!R2! and! R3! a re! used 
to select!the!PFN!thatiwill be!connected to flashiamp 
14.! The! high! voltage! switches! S 1 ,! S2! and! S3! are! used 
to! d ischarge! the! energy! stored! in! the! capacitor! of! the 
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PFN! intoiflashlamp! 14.! In! one! embodiment! L1,! L2!and 
L3 have!valuesofl100mH,1!mH!and!5mH, respective- 
ly, and CI,!C2and C3 have!values!ofl100mF,1mF and 
10mF, respectively. 

ln!addition!to!the! possibility! oflfi ring! each! PFN 
separately,! which! gene rates! the! basic!variability!ln 
pulse-width ,!additional! variation! can! be'achieved! by 
firingiPFN's sequentially. H,!forexample, twolPFN's 
having! pulse-width dt1 ! and! At2! are! fired,! so!that!the 
second PFN! is!fired!afterithe!first pulse has decayed 
to! half! of! its amplitude, then! an!effective!lighti pulse- 
width of this operation ofthe systemiwOI be!given!by 
the relation: Ate! At1!+!At2. 

The!charging! powerisupply! typically! has! a! vol- 
tage!range of 500V! to 5kV.!The relays!should there- 
fore! be! high!voltage relays! that! can lsolate!these vol- 
tages!reliably.!The!switches!S!are! capable! of! carrying 
theicurrent of!flashlamp!14!and to Isolate the reverse 
high voltage! generated iflthe!PFNs!are sequentially 
fired. Solid-state switches,! vacuum! switches! ori gas 
switches! can! be! used! fori this purpose. 

AJsimmer power!supply (notishown! In Figure 3) 
may!be!used to keep the fiashlamp in!a!low!current 
conducting! mode.! Other! configurations! can! be!used 
to!achieve!pulse-width!variation,!such!as!the!use!of 
a! single! PFN and a crowbar switch, or! use of! a! switch 
with! dosing! and! opening capabilities. 

Typically,! fori operational! flash lamp! 14!with!an 
e lectrica I! pulse-width! of! 1! to! 10 msec,! a! linear! electri- 
cal! energy! density! Input! of! 100! to! 300J/cm! can! be 
used.! An! energy! density! of! 30! to! 100J/an 2 can! be 
achieved!on the! skin! for! a typical!flashlamp!bore di- 
ameter of 5mm.! The! use of a! 500 to 650nm bandwidth 
transmits! 20%! oflthe! Incident! energy.! Thus,! energy 
densities!on!the! skin! ofl 6! to! 20J/an 2 are!achieved. 
The incorporation!of the fluorescent material!will!fur- 
ther©xtend!the! output! radiation In! the desired range, 
enabling! the! same exposure of!the!skin!with!a!lower 
energy! Input! Into! fiashlamp! 14. 

Pulsed! laser! skin! treatment! showsithat! energy 
densities!in!the!range!of!0.5!to!10J/an 2 withipulse- 
widths!in!the range of 0.5msec are gene rally! effective 
fori treating! vascular! related! skin! disorders.! This! range 
of!parameters!falls!in!the!range!of operation ofl pulsed 
non-laseri type! lighti sources! such! as! the! linear! flash- 
lamp.! A! few! steps! ofl neutral! density! glass! filters! 1 8 
can! also! be used to!control!the energyidensity onithe 
skin. 

Fori external! disorders! a! typical! pulse-width! ofl 5 
microsecond is used. A20J/cm! electrical energy den- 
sity! I nputi into! a! 5mm! bore! fiashlamp! results! in! an! en- 
ergy! density! onithe! skin! ofl 10J/cm 2 . Cutting! off! the 
hardiUV! portion! oflthe! spectrum! results! in! 90%! ener- 
gy!transmission,!oiiskin exposure to!an!energy!den- 
sity!ofldose!to! 10! J/cm 2 , This! energy! density! Is! high 
enough! to! evaporate! external! marks! onithe! skin. 

Device! 1 0! can! be! provided! as! two! units:! a! light- 
weight! unit! held! by! a! physician! using! handle! 13,! with 



the!hand-held unitcontainingiflashlamp 14,!filters 18 
and iris 20!that!togethercontrol!the spectrum!and!the 
size oflthe! exposed! area! and!the! detectors that! meas" 

5 ure!the!reflectivity!and!the!lnstantaneous!skin!tem- 
perature.!The!power!supply,!the!PFN'a!and!the!elec- 
trical! controls are!contained ln!a separate! box (not 
shown) that is connected tothe!hand-held unit via a 
flexible!cable. This enables!ease of operation!and 

to easy!access!to!the areas!ofthe!skin!that need to be 
treated. 

Theinvention has!thus!farbeen!described inicon- 
junction!with!skin treatment However,!using!a!flash- 
lamp!ratherithan!a!laseriin Invasive treatments! pro- 
vides advantages!as well. Procedures such!as!litho- 
tri ply! or! removal! ofl blood! vessel! blockage! may! be 
performed with!a!flashlamp. Such a device! may! be 
similarto thatishown! in Figures 1 and 2, and!may use 
the electronics! of Figure!3!to produce!the flash.! How- 
20 ever, to properlyJcouple the!light!to!an!optical!fibre!a 
numberof!couplers!40,!80!and!90 are shown In! Fig- 
ures! 4!and! 8-10, respectively. 

Coupler!40!indudes an optical source of high! in- 
tensity lncoherent!and!lsotropic!pulsed light! such as 
25 a!lineariflash!tube 42, a! light reflector!44 whichdeliv- 
ersithe! light energy!to!an!optical fibre 46.!The latter 
has! a generally conical edge inithe embodiment!of 
Figure!4. ! Optica I! fibre!46!transfers!the!light!from! light 
collection! system! 44! to! the! treatment! area.! In! general, 
so coupler!40!couples!pulsed lightifrom! a! flash! tube! Into 
an optical fibre and has applications in medical, In- 
dustrial! and! domestic! areas. 

For!example,!coupler!40!may!be!used! In! material 
processing to!rapidly!heatorablate a portion!of a! ma- 
ss terialibeing processed ,!or!to Induceia photo-chemical 
process. Alternatively,!coupler!40!may!be!used ln!a 
photography!application!to!provide!a!flash!for!picture 
taking.! Using! such! a! coupler! would! allow! the! flash 
bulb to!be!located insideithe camera, withithe! light 
40 transmitted!to!outside!the! camera! using! an! opticalifi- 
bre.iAs! one! skilled! inithe! art! should! recognise! coupler 
40! allows! the! use! ofl Incoherent! lighti ln!many!app!lca- 
lionsithati coherent! ori Incoherenti lighti has! been! used 
Inithe! past 

45 To provideforcouplingtheilight to!an opticalifibre, 

flash! tube!42! has! a! toroidal! shape,! shown! in! Figures 
5!and!6,!and!is disposed inside reflector 44. Mniaddl. 
tion to! the! toroidal! shape othershapes, such as a!con- 
tinuous! helix, may! be! used fori flash! tube 42.!However, 

so a! helical! tube! is! more! difficult to! manufacture!than a 
toroidal tube. Referring nowto Figure!6,!flash!tube42 
is generally Initheshape oflaitours,! but! is! notia perfect 
tours!since!the electrodes located!at!the!end!oflthe 
tours! have! to! be! connected!to!the! power! source.! This 

55 does not create aisignificant disturbance in!the!circu- 
larshape!of flash tube 42,!since!the connectionitothe 
electrodes can be!made quiteismall. 

Reflector! 44! collects! and! concentrates! the! light, 
and! has! a! cross-section! of! substantially! an! ellipse,! in 



6 



11 



EP!0!565!331!A2 



12 



a!plane!perpendicular!to!the minoiiaxis ofthe toroidal 
flash!tube!42. Thelmajoriaxis ofthisellipse!preferably 
forms! a! small angle withithe! major! axis ofltoroidal 
lamp!42. The! exact value! ofthe angle! between! the el- 
lipse axis and!the mainiaxis of!lamp!42!depends!on 
the NumericalJAperture (NA) ofthe optical fibre. 

The toroidal!flash!tube Is positioned so that Its! mi- 
noiiaxis! coincides! with! the! focus! oflthe! ellipse.! The 
otherf° cus of!the!ellipse lsat!the!edge!of!optical fibre 
46.! Reflector! 44! may! be! machined!from! metal! with 
the lnnersurfaces!polished for good! reflectivity. Alu- 
minum! is!a very!good!reflector with high!reflectivity 
in!the!visible!and!ultraviolet,!and!itimay!be!used!for 
this purpose. The reflector can be!machined In one 
piece!and!then!cutialong!a!surface!perpendicular!to 
the mainiaxis of!the!device. Thisiwill enableMntegra- 
tion ofthe toroidal flash tube Into the!device. 

As shown! In Figure 4, the! edge! of! optical fibre 46 
is!a cone with!a!small opening!angle,!so!that the total 
area!of theifibre exposed! to! the lightifromithe flash 
tube!ls!lncreased.! Referring! now!to! Figure! 7!the!ge- 
ometryfor coupling I ight! Into! a!conical!tip! is! shown.! It 
Is assumed! here!thatJthe lighticomes!from!aregion In 
space with! a refractive! index!ofn 2 and that! the! conical 
section! oflthe! fibre! (as! well! as! the! resti ofl theifibre 
core)!has!a refractive index!ofln ( . 

Not!all!the!lighti rays! hitting! the cone!are!trapped 
in! it.! Fori light rays that propagate ln!a plane thaticon- 
tains! the! major! axis! oflthe! system,! a! condition! can! be 
derived forithe angle of!a! rayithatiwill be!trapped!and 
absorbed in!the!fibre.!This!condition! Isishown! In 
Equation! 3. 

Sin!( Pi> ) =!Cos!Gi)!-!(nr2/n2 2 -!ir/osin (8) 

(Eq. 3) 

UghtJ will beitrapped in!the!conical! portion ofthe 
optica I! fib re! ifl the incidence angle! pis! larger! than! p. m 
calculatedifrom Equation!3.!Trapping Is possibleionly 
ifl n a >n 2 .! If! the! medium! outside! ofl theifibre! is! air,! net 
Not! all! ofl the! light trapped inithe! conical! section! oflthe 
fibre! will! also! beitrapped! in! the! straight! portion! oflthe 
fibre! ifl a! fibre! with! a! core! and! a! cladding! Is! used.! Ifl a 
fibre!with!a core!and no! cladding! Is used (airidad- 
ding),!then!all!the! rays! captured! inithe! conical! section 
ofltheifibreiwill also!be!trapped ln!the!straight!section 
ofl the! fibre. 

The!configuration!shown!in Figure!4 can also!be 
used! with! a! fluid! filling! the! volume! between! the! re- 
fllector!and!the optical fibre. Avery!convenlentfluld for 
this purpose! may! be water.iWateii Is also!very effec- 
tive! In cooling!the!flashlamp if high repetition! rate 
pulses!are! used.! The! presence! of! a!flu id! red uces!the 
losses that!are!associated withiglass to airitransi- 
tions,!such as theitransition between theflashlamp 
envelope!material!and!air. Ifla!fluid!ls used In the re- 
fl lector volume,!then Its refractive! index can beichosen 
such!that!all!the!rays trapped ln!the!conical!section 
are!also!trapped! in! the! fibre,! even! ifl coreldadding! fi- 
bres! are! used. 



Another! way! of! configuring! the! fibre! Inithe! reflec- 
tor! is! by! using! a! fibre! with! a! flat edge. This configur- 
ation!ls!shown!ln!Figure 8!and has trapping!efficiency 

5 very!dose!to!the!trapping efficiency of theiconical 
edge.!Many othershapes!of theifibre edge,!such as 
spherical!shapes ,!can!also! be! used.! The! configura- 
tion oflthefibre edge!also!has!an effect on!the distrib- 
ution oflthe lightonithe exitiside oflthefibre and it can 

io be chosen! in accordance with! the! specific application 
oflthe! device. 

The!device!may!be!used!with!a!variety!ofloptical 
fibres. Single,!ore smallinumber of millimetre orsub- 
millimetre diameterfibres,!will typically! be! used in! in- 

i5 vasive!medical!applications.!ln!other!applications. 
particularly in! Industrial and!domestic!applications, it 
may! be! preferable! to! use a!fibre!having!a larger diam- 
eter, or a larger! bundle! of fibres, or a light! guide. 
Figures! 9!and!10!show! a' coupler!90!for! coupling 

20 a! lineariflash!tube!92!through!a!linear!to!circular!fibre 
transferunit94!to!a'fibre!bundle!96.!A!reflector!98!has 
an!elliptical!cross-section, showniln Figure 10,!ln!a 
plane! parallel!to!the axis of linearflash!tube!92 inithis 
embodiment.!Tube!92!ls!located!on!one!focus!of!the 

25 ellipse whileithe! linear side!of linear to circular bundle 
converter!94 Is located!atthe other focus oflthe el- 
lipse.iThis configuration Is relatively simpleito! manu- 
facture and!commercially!available linear! to! circular 
converters!such!as!25-004-4!available!from! General 

30 Fibre Optics may!be used.iThis configuration isipar- 
ticularly! usefulifor! larger exposure!areas! of the! fibre, 
orifoiiflash! Illumination purposes. 

The energy!and!power densitiesithatican! be! ach- 
ieved! by! this! Invention! are! high! enough! to! get! the! da- 
is sired! effects! in! surface! treatment! or! medical applica- 
tions. For the embodimentshowniln Figure!4the!total 
energy! and! power! densities! can! be! estimated! asifol- 
lows.! For! a! typical! toroidal! lamp! with! a! 4mm! bore! di- 
ameter! and! a! major! diameter! of! 3. 3cm! an! electrical 

40 linear! energy! density! Input! ofl 1 0J/cn! Into! the! lamp 
can! be! used! with! a! 5psec! pulse! width.! The! light! output 
oflthe! lamp! will! be! 5! to! 6J/cm!foii optimal! electrical! op- 
erating! conditions.! Forithe! reflector! shown! In! Figure 
4,! 50%! oflthe! light generated inithe! lamp! will! reachithe 

45 lowerifocus.iThus, a'total!energy fluxon theifocus of 
25!to 30J!may be!obtained. For embodiments shown 
in! Figure! 4!or! Figure! 8!the!tota I! cross -section! area' of 
reflector! at! the! focal! plane! has! a! cross -section! of 
0.8cn 2 

so Energy!densities!on!the!order!of!30!to!40J/cm 2 at 

the entrance!to!the fibre should!be!attained withithis 
cross-section. This. corresponds to power densities! of 
5!to!10MW/cm 2 , which! are! the! typical! power! densities 
used!in!medical!or!material!processing!applications. 

55 Fori longer! pulses, higher linear electrical! energy 

densities Into theNamp can be!used.!For alimsec 
pulseito theiflash tube a! linear electrical!energy den- 
sity! ofl 1 0OJ/cm! can! be! used.! The! corresponding! en- 
ergy! density! at! the! focal! area! would! be! up! to 
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300J/an 2 . Such!energy!densities!are!very!effective!ln 
lndustrial!cleaning!and!processing!applications!as 

well!as!ln!medical applications. 

Alternative! embodi me nts!for!cou pi ing!the!optical 
fibre to an extended light sourcelsuch as! a! linear 
flashlampare shown In Figures 11 and 12.!ln!the!em- 
bodiment of Figure 11!an optical fibre! 1 01! Is wound 
around! a!lamp!102!and! a! lam p!envelope! 103.! Some 
ofthe!lightithatilsproduced!by!the lightsource Is! coil- 
pled intothe fibre.! Iflthe! light rays are propagating In 
the!direction!that istrapped!by!theflNtre!then!this!light 
will propagate in!the!fibre!and!itican be! used! at a! fibre 
output 104.!One limitationiof this configuration Isthe 
factithati most of the! light emitted! by! la mp!103!travels 
in!a!direction!perpendicular!to!the!surface!ofllamp!103 
andcannot beitrapped Inifibre! 101. 

The embodiment shown! in Figure!12!overcomes 
this problem. A doped!optical fibre 105 Is wound 
around! lamp! 102!and!envelope 103,!ratherithan!an 
undoped fibre such asifibre! 101!of Figure It! Theido- 
pantiis!a fluorescentimaterial which! Is excited!by the 
radiation!emanating!from!lamp!102!and! radiates! light 
lnside!the!fibre.!This!lightilsradiated!omnidirectionally 
and the part ofl itithatiis!within!the!critical angle!offibre 
105!ls!trapped!and!propagates!through!the!fibre!and 
can be! used!at fibre output 104.! The! angle! of! lightithat 
is trapped in! the! fibre! Is! the! critical! angle! ofl the! ma- 
terial! from! which! the! optical! fibre! or! optical wave 
guide! Is! made.! Fori aifibre! (or optical!wave guide)! In 
airi this! angle! Is! given! by! sin! a! =! 1/n. 

Typically! fori g lass! ori other! transparent! materials 
n!=!1.5 and a=41.8° This corresponds to! a trapping 
efficiency! of! more! than! 1 0%!of!the! lighti emitted! by! flu- 
orescence lnside!the!fibre.!lf!we!assume!a 50% eft!" 
clency of the fluorescence!process weifind out that 
more!than!5%!of!the!light produced by!the!lamp!is 
trapped and propagated down!the!fibre. Forfexample, 
a!4"! (10. 2cm)! lamp! with! a! linear! electrical! energy! I n- 
putJ of!300J/inch! (1 1 8! J/cm)and!50%! electricalito! light 
conversion! efficiency! would! couple! 2.5%! of! Its! elec- 
trical! energy! into! the! fibre.! This! corresponds, iforithe 
4"! ( 1 0 . 2 cm )! la m p! ca se! to! a! tota I! I ig ht! e n e rgy! of! 30 J! of 
light.iThis embodiments the additional!advantage 
of! transferring! the! wavelength! emitted! by! the! lamp! to 
a!wavelength!thatimay! be! mo re! useful! in! some! of! the 
therapeutic!or!processing!applications! mentioned! be- 
fore.! Thus, fluorescent!material!doped ln!the!fibre!can 
be!chosen!ln accordance with!an!emission!wave- 
length determined!by!the specific application of the 
device. 

Thus,! ItJshould be!apparent that there!has!been 
provided! in!accordance!with!the!present!lnvention!a 
flashlamp andicoupler that! fully! satisfy! the objectives 
and!advantages setiforth above. AlthougNthe! Inven- 
tion! has been! described In conjunction withispecific 
embodiments!thereof,!lti is! evidenti that! many! alterna- 
tives,! modifications! and! variations! will! be! apparent! to 
those!skfled!ln!the!art.!Accordingly,!lt!ls!lntended!to 



embrace! all!such! alternatives ,!modifi cations!and!va- 
riations that fall within!the spirit and!broad!scope of 
the!appended!claims. 

5 

Claims 

1. A!therapeutic!treatment!device!characterised!ln 
to that!an!lncoherent'light!source!(14)!is!operable!to 

provide!a!pulsed!light'output'for!treatment. 

2. Aitreatment! device! as! claimed! In! claim! 1!further 
characterised Inithatia variable pulse! width! pulse 

15 forming! circuit! Is! electrically! connectedito! said 

lightisource. 

3. Aitreatment! device! as! claimed! I n! any! one! of! the 
preceding claims, ifurther characterised Inithat 

20 said! lightisource! Is! a! flashlamp! (14). 

4. A!treatment!device!as!claimed!ln!any!one!of!the 
preceding!claims,!further!characterised! inithat 
said! light!source!comprises!means!for! providing 

25 pulses! havingia! width! in!the!range! of! between 

substantially!0.5!and!10!microsec!and!an!energy 
density! ofl the! light! on! the! skin! ofl upitoiabout 
10J/cm 2 , whereby!the!light!treats!external!disor- 
ders!oflthe!skin,!such!as:!tattoos,! pigmented! le- 

3o sions!or!birth!and!age! marks. 

5. Aitreatment! device! as! claimed! In! any! one! of! the 
preceding! claims,! further! characterised! Inithat 
said! lightisource! (14)! Is! mounted! in! a! housing! (1 2) 

35 suitable foribeing disposed!adjacent a!skin!treat- 

ment area, said housing! having a reflector (1 6) 
mounted! the rein! proximate! said! lighti source,! and 
said! housing! having! an! opening,! with! an! Iris! (20) 
mounted! about! said! opening,! and! at! least! one 
40 optical! filter! (18)! mounted! proximate! said! open- 

ing. 

6. Aitreatment! device! as! claimed! In! claim! 5,! further 
characterised! In! that! a! means! (1 8)!fori providing 

45 controlled! energy! density, ifiltered,! pulsed! light 

output! through! said! opening! and! said! iris! to! a! skin 
area!foritreatment!is provided. 

7. Aitreatment! device! as! claimed! ln!claim!5!or!6,!fur- 
so theii characterised! inithat! a! power! supply! Is! con- 
nected! to! and! external! of! said! housing,! wherein 
said! housing! Includes! a! handle! (13). 

8. A device as claimed in!any!one!of!the preceding 
55 claims,! further characterised inithatia! plurality! of 

optical!fibres!(96), each!having an end!disposed 
within! a reflector (98) and a! linear to circular! fibre 
transfer! unit! (94)! is! disposed! to! receive! lighti from 
the! lightisource! (92)! and! provide! lightito! the! opt- 
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lcal!fibres. 

9. Adevice!as!claimed!ln!claim!8,!wherein!a!reflector 
(98)! has! an! elliptical! cross-section! In! a! plane! par- 5 

allot!to!the!axis! ofl a!ligh1!source!which! comprises 
a! lineariflashltube! (92), land! where inlthe! linear 
flash!tube!is!located!atione!focus!of!the!ellipse 
while!the!linear!to!dreular!transfer!unit!(94)!ls!lo- 
cated!atithe!other!focus!oflthe!ellipse. ro 

10. A'system!for!providing!pulsed!light!characterised 
in!that 

a! pulsed! toroidal! flash! tube! Incoherent! light 
sou rce! (42,! 92)! has! a! reflector! (44)! d isposed 1 5 
thereabout,! said! reflector!having!a'cross-section 
oflsubstantially!an!ellipse,!ln!a!plane! perpendicu- 
lar! to! the! mi nor! axis! of! theitoroidal! flash! tube;! end 
atileast!one!optical!fibre!(46)!having!an!end!dis- 
posed!within!said!reflector. 20 

11. A'system!as!claimed!ln!claim!10,!further!charac- 
terised!ln!thatithe!end!of!the!optical!fibre!has!a 
conelshape. 

25 

12. A'system!as!claimed!ln!claim!10,!furthertcharac- 
terised!ln!thatithe!end!of!the!optical!fibre!ls!flat. 

13. Asystem!as! claimed! In!any!one!of!claims!10!to!1 2, 
further!characterised!ln!that'the!optical!fibre!ls!air 30 
clad. 
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